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Abstract: We compared protein profiles of the synovial fluid 
of patients with rheumatoid arthritis and osteoarthritis by 
using surface'enhanced laser desorption/ionlzatton mass 
spectrometry technology. With this approach, we identi- 
fied a protein expressed specifically in the synovial fluid 
of the patients with rheumatoid arthritis. During the 
investigation, we found several reproducible and discrimi- 
natory biomarker candidates for distinction between 
rheumatoid arthritis and osteoarthritis, Among these 
candidates, a 10 850 Da protein peak was the clearest 
example of a single signal found specifically in the 
rheumatoid arthritis samples. This candidate was purified 
using a size-exclusion spin column followed by gel 
electrophoresis and subsequently identified by peptide 
mapping and post-source decay (PSD) analysis. The 
results clearly indicate that the protein is myeloid-related 
protein 8, which was verified by the enzyme immunoas- 
say. It is known that the myeloid-related protein 8 level 
in serum and synovial fluid is related to disease activity 
in juvenile rheumatoid arthritis. The results suggest that 
the ProteinChip platform is useful to detect and identify 
protein biomarkers expressed specifically in diseases or 
in some stage of diseases. 

Keywords: ProteinChip system ■ rheumatoid arthritis • myeloid 
related protein 8 • biornarkers 

Introduction 

The study of mRNA expression was rapidly accelerated with 
the use of DNA microarray technology. However, it has been 
shown that ihc level of RNA expression does not always cor- 
rected with protein expression in cukaryoios. 12 Furthermore, 
the level of protein expression is more directly rotated to the 
physiological stale of cells. In this respect, discovery research 
on factors involved in biological function, disease markers, and 
drug targets requires the study of protein expression. 
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Although 2D gel electrophoresis is currently the most widely 
used tool Tor the analysis of protein expression, it has disad- 
vantages with regard to throughput, reproducibility, and 
sensitivity.* Recently, "protein biochip" technology is beginning 
to mature, 4 and it is expected to be one of the most popular 
Technologies for rapid and sensitive protein expression analysis 
in the proteomics era. In this study, we evaluated the Protein- 
Chip platform version of protein hioehip technology as a tool 
for detecting and identifying proteins differentially expressed 
in disease. 

We applied the ProteinChip technology to search for and 
identify proteins that were differentially expressed in the 
synovial fluid of the patients with rheumatoid arthritis (RA) and 
osteoarthritis (OA). OA is caused by the degeneration of 
cartilage, so OA is often called degenerative joint disease. RA 
is caused by inflammation of the synovium. Overgrowth of 
synovial colls induces an increase in secreted proteases, recep- 
lor activator of NF-*rB> lL-6» and invasion of lymphocytes and 
macrophages, which causes inflammation of the synovium and 
degradation of cartilage. * Clear diagnosis of RA in early stages 
is very imporlanu in view of determining the timing and 
amount of chemotherapy by immunosuppressive drugs. So far. 
the most popular diagnosis of RA is the measurement of RA 
factor, or the antibody against the Fc region of IgC* The 
inflammation markers, or C-reactive protein and erythrocyte 
sedimentation rales, are also used to monitor the disease stale 
of RA. 7 However, the false positive rate is relatively high with 
these measurements. In this sense, early diagnosis of RA still 
remains a challenge in the clinical setting. If a specific marker 
for RA can be found, then it is likely to prove very useful for 
the diagnosis and treatment of patients with RA. 

In this study, we searched for a marker for RA by surface- 
enhanced laser desorption/ionization (SELDl) mass spectrom- 
etry analysis of synovial fluid- We identified a protein and 
showed that SELDI mass spectrometry analysis is a useful 
method for identification of disease markers. 

Material and Methods 

Protein Profiling, We used the synovial fluids that were 
removed for treatment. Synovial fluids were removed by 
aspiration with a small-gauge needle from the 12 patients with 
rheumatoid arthritis arid 4 patients with osteoarthritis- (K.F. 
in Saitama City Hospital obtained the samples with the 
permission of the patients.) The synovial fluids containing 
proteins (20-45 pg) were diluted L/ 10 with PBS. 

The samples wore analyzed with two kinds of chips; H4 (Cl6 
hydrophobic surface) and SAX2 (strong anion exchange surface) 
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Figure 1. Protein profiling of synovial fluid from OA and RA patients. Synovial fluid samples from RA and OA patients were analyzed 
using hydrophobic (N4) and Strong anion exchange (SAX2) ProteinChip Array. Several proteins were specifically observed only in the 
RA samples. Among them, a 10 850 Da protein from the SAX2 array profile appeared very specific in synovial fluid from RA patients. 
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Figure 2. Comparison of RA and OA synovial fluid with SAX2 chip array. Evaluation Of the 10 8S0 Pa protein as a marker candidate. 
Appearance of the 10 860 Da protein in only the synovial fluid of RA patients was further confirmed with samples from 8 OA and 4 RA 
patients- The 10 850 Oa protein appeared in all synovial fluid samples from RA patients. On the other hand, this marker was not 
detected in the synovial fluid from OA patients. 



Pi oicinChip arrays (Ciphcrgen Biosystcms, h\c. % Fremont. CA). 
H4 (Cl6 hydrophobic surface): 0.5 ;*L of acetonitrite was 
applied to each spot of an H4 ProteinChip Array, and 1 ><L of 
diluted sample was added before the acetonitrile evaporated 
to dryness. The array surface was then air-dried at room 
temperature. Next, iho array surface was washed twice with 5 
>iL of wash buffer (IM Urea. 0.125% CHAPS, 0.25M NaCI. and 
50mM HEPES) by pipetting. The array was finally rinsed quickly 
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with distilled water. SAX2 (strong anion exchange surface): a 5 
;<L portion of diluted sample was applied to each spot of a $AX2 
ProteinChip array. The sample was incubated for 15 min to 
allow interaction with the surface. The array surface was 
washed twice with 5 of wash buffer (20mM Tris-HCI. and 
5mM NaCl (pH9)) and rinsed with 5 /<L of distilled water. 

After the array surfaces were air-dried, 0,5 of saturated 
sinapinic acid in 50% acatonitrile and 0.5% TFA was applied 
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Figure 3- Separauon of the 10 850 Da protein by SOS-PAGE. 
The 10 850 Da protein was finally separated by SDS-PAGE. For 
both OA and RA samples. Fractions 1 and 2 Of Ihe 70 K size- 
exclusion spin column were separated by SDS-PAGE. Proteins 
were stained by Coomasie Brilliant Blue. The 10 850 Da protein 
was clearly observed in fraction 2 of the RA sample, The 
corresponding band was not observed in OA sample. Lane 1 and 
7: molecular markers. Lane 3: Fraction 1 of OA sample. Lane 4: 
Fraction 2 of OA sample, Lane 6: Fraction 1 of RA sample, Lane 
6: Fraction 2 or RA sample. 

twice to the surface, Mass analysis was performed with a 
PioieinChjp Reader (Model PBS II. Ciphergen Blosyslems) ai 
room temperature. The energy settings on the instrument 
calibrations are as follows: H4 chip: detector voltage. 1 800; 
sensitivity. 10; laser intensity. 245. SAX2 chip: detector voltage, 
1800; sensitivity, 10: laser intensity, 260. 

Purification. Synovial fluid from OA and RA patients was 
fractionated using a 70 K size-exclusion spin column (Cipher- 
gen Biosystoms, Palo Alto), The samples wore diluted 1/5 with 
20 mM Tris-HCl, pH8. A 40 /<L portion or the diluted sample 
was added to the column and centrifuged (2000 rpm. 2 min: 
Fraction 1). Then, a 40/<L portion of the clution buffer (20 mM 
Tris-HCl, pH$) was added to the column and centrifuged again 
(Fraction 2), The last process was repeated twice (Fraction 3 
and Fraction 4). Each Traction was analyzed with the Protcin- 
Chip Reader to check the presence of the target protein. 

The fraction containing the target protein was concentrated 
by speed-vac and subjected to separation by 16% SDS-PAGE. 
The proteins were stained by Coomasic Brilliant Blue. The band 
at 10 850 Da that corresponded to the molecular weight of the 
target protein was excised from the gel. 

Identification. We identified The biomarker candidate by two 
distinct methods, First, the target protein was identified by 
peptide mapping.* The target protein was digested in-gel with 
trypsin overnight at 37 *C, A pan of the gel displaying no band 
(control digest) was also excised and digested with trypsin as 
a control. The molecular weight of each peptide was measured 
with a ProtetnChip reader using H4 ProtcinChip array. The 
ProieinChip reader was calibrated wiLh ^-endorphin and two 
peptides derived from digestion of typsin. The mass error was 
1.0 Da. The molecular weights of peptides derived only from 
the target protein were collected and analyzed with ProFound 
software (htip://prowl,rockefeller.edu/cgi-bin/FroFoiind) for 
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protein identification through peptide mass fingerprinting. 
Sequence information of one or the tryptie peptides derived 
from fhc target protein was further analysed by Post Source 
Decay (PSD) analysis. 9 The fragmentation paitem of the peptide 
was gathered by MALDI-TOF MS with PSD function. 

The sequence was determined by analyzing the pattern with 
Mascot software (Matrix Science, London, UK). 

Measurement of MRP8. MRPS in the synovial fluid was 
measured by enzyme immunoassay following the vendor s 
manual (MA Biomedicals AG, Switzerland), The test was 
performed using a one-step noncompetitive sandwich assay. 
The samples arid standard MRPS solution were added into the 
96 wells coated with anti-MRP8 antibody and the plate was 
incubated at 37 °C for 30 min. After the plate was washed with 
water several times, peroxidase-labeled anti-MRP8 antibody 
was added and incubated for 30 min at 37 *C. After the plates 
were washed several times, tetramethylbon/idin solution was 
added to each well, and the plates were incubated for 15 min. 
at room temperature. The reaction was stopped with I M 
sulfuric acid, and the absorbance was measured at 450 nm with 
a reference wavelength of 630 nm. 

Results and Discussion 

We identified biomarkcrs specific for RA by comparing the 
synovial fluid of RA and OA pationrs. Several RA specific peaks 
appeared differentially regulated on both the SAX 2 (3412, 3492. 
4684. 4845, 10 850, 1 1 417. 12 786, 15 98], 38 999) and H4 arrays 
(H4i F3360, 3432. 3476. 3700, 4122, 4616, 10 833, H 320, 14 000, 
26 708) (Figure 1). Among them, the peak at 10 850 Da on the 
SAX2 array looked most specific and strong (Figure J). A variety 
of samples including RA and OA were examined with SAX2 
array reproducible (Figure 2). Therefore, we purified the protein 
from Ihe synovial fluid of RA patients. As a control, an OA 
sample was treated following the same procedure. The proteins 
were fractionated using a 70 K size-exclusion spin column, and 
each fraction was chocked with the ProtetnChip reader. The 
fraction that contained the target protein was concentrated- 
Proteins in the fracrion were separated with 1 6% SDS-PAGE. 
The proteins were stained with Coomasie Brilliant Blue. The 
band corresponding to 10 850 Da (Figure 3) was excised and 
digested by trypsin treatment. The specific peaks or the digested 
sample were analyzed with Profound software. The results of 
the database search suggested that the protein could be MRP8 
that is the same protein as SI 00 calcium- binding protein and 
cystic fibrosis antigen (Figure 4). PSD analysis was performed 
for the confirmation of this identification, The 10 850 Da 
protein was also digested by trypsin and analyzed with MALDI- 
TOF MS containing PSD function and the degradation pattern 
was analyzed by Mascot software. The protein sequence 
determined by this PSD analysis showed that the protein is 
migration inhibitory factor- related protein 8 (MRP8), which 
is the same protein as SI 00 calcium-binding protein A8 or 
cyclic fibrosis antigen (Figure 5). The results matched the 
results obtained by peptide mass fingerprinting. Taken to- 
gether, we concluded that the protein is MRP8. To further 
confirm the results, we measured the amount of MRP8 in the 
synovial fluid quantitatively by enzyme immunoassay. The 
amount of MRPS determined by enzyme immunoassay related 
to the height of Lhe 10 850 Da protein peak in the SELD1 mass 
spectrometry analysis is MRP8 (Figure 6), which suggests that 
10 850 Da protein is MRP$. 

MRP8 belongs to the SlUO family or calcium binding pro- 
teins' 0 MRP8 exists as a heterodlmer with MRP 14 in several 
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Figure 4. Peptide mapping of the 10 850 Da protein. Molecular weights of tryptic peptides Trom the 10 850 Da protein were collected 
With SELDI-TOF mass Spectrometry. Peptide mapping analysis was performed with Propound software (a). Three proteins {migration 
inhibitory factor- related protein 8 (MRP8), S100 calcium-binding protein A8 and cyctic fibrosis antigen] predicted With high confidence 
scores were the same protein. The coverage map and error map of the most matched candidate MRP8 was summarized in (b). again 
using ProFound software. 



1. 0116442 calgranulin A (migration inhibitory factarwlaWd proUin 6) (MRP'S) 
{Homo aapitna) 

Ma**: 10828, SoW 72 

ObMrV«d ma** 1273.00, Mxfoxpl)'- 1271.09, Mrfoalb); 1271.69, Delia mans: 0.30 

SUrt'BftdJ 8- 16, Mia*; 0, Ion* 49 

P«ptfd«:Ai.N$HOVYHK 

2. gi460677t SlOO-oalchim binding protein AS [Homo aapieoa) 
Ma*»*. 10831, tkor*: 72 

Obwrwd m*ftfi' 1273.00, MrWt): 1271.99, Mrkale): 127L69, Delta man*: 0.30 
sun-^nd- 8-16, Mia* 0. Ion* 49 
Paptid*: ALNSUDVYHK 

3. ei22&&41 eye tic fibroat* aniigan (Homo *« plena) 
Maw- 10946, Scow: 72 

Oburvod maaa: 1273,00, Mrf*xpt)= 1271,99, MWcalc)! 1271.60, Dait* maa*: 0.30 
Start- End: 818. Mia*: 0, lona 49 
PapUde: ALNSI1DVYHK 

Figure 6. PSD analysis or 10 850 Da protein. One tryptic peptide 
from the 10 850 Da protein was selected and subjected to MALDI 
analysis with PSD function. By analyzing the degradation pattern 
with Mascot software, the same protein, MRP8, predicted by 
peptide mapping was identified again, 

inflammatory diseases. 11 M The MftP8/MKP14 hcterodimcr is 
thought 10 be involved in the process of inflammation, includ- 
ing the transmigration process o( ( leukocytes and transport of 
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Figure fi, Comparison Of ProteinChip array and EIA results. 
Measurement of MRP8 by enzyme immunoassay (£IA). The 
amount of MRP8 measured by enzyme immunoassay is plotted 
against peak intensity Obtained by the ProteinChip Biology 
System. There was good correlation between the results obtained 
Oy enzyme immunoassay and ProteinChip analysis- 
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Figure 7, Peak corresponding to MRP14. Tha peak corresponding to the molecular weight of MRP14 was observed only in synovial 
fluid from RA patients. 



arachidonic acid Lo target cells. ^"^ In our study, a peak whose 
molecular weigh* corresponds to MRP 14 was also observed only 
in synovial fluid of RA patients (figure 7), This observation is 
consistent with the previous reports that showed the existence 
of MRP8/MRP14 in serum and/or synovial fluid of RA pa- 
tients.^ Our results suggested thai the amount of MRP8 ilself 
could be a sufficient marker for distinguishing rheumatoid 
arthritis from other joint diseases such as osteoarthritis. The 
patients with rheumatoid arthritis tended to show high rates 
of CRP. Combining MRP8 with other conventional markers, 
such as CRP and RA fac tor will load to more precise diagnosis 
of rheumatoid arthritis. Moreover, there were several other 
peaks that were observed only in the synovial fluid of RA 
patients (Figure l). Pattern analysis in combination with these 
proteins would enable more reliable and detailed monitoring 
of the RA disease state. To confirm this possibility, a study with 
more samples from patients with several stages of RA and other 
inflammatory diseases would be necessary. 

Biomarker discovery is often a tedious and time-consuming 
process. We found MRP8 and other marker candidates for RA 
within several hours and could rapidly validate the results by 
increasing the number of samples, In conclusion, we confirmed 
that the ProteinChip platform is a promising lechnology for 
biomarker discovery, and it offers the possibility of accelerating 
the process of discovering disease markers. 
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